Eight rumen-cannulated steers (initial wt 330kg) were adapted to a mixed alfalfa-grass hay diet for 30 d and abruptly changed to complete mixed diets of corn silage, snapped ear corn and a corn-based supplement to determine the effects of buffers on diet adaptation, digestion and ruminal metabolism. The diets contained: 1) no buffer, 2) .5% magnesium oxide (MgO), 3) 1.0% sodium bicarbonate (NaHCO3) and 4) .5% MgO and 1.0% NaHCO3, as a percentage of diet dry matter (DM). Digestion, metabolism and ruminal characteristics were measured in each of 2 wk immediately after the diet change. The animals were then adapted to the mixed alfalfa-grass hay diet, re-randomized and assigned to the four diets, thus four steers consumed each diet. Intakes and digestibilities of DM were generally greater for the diets containing buffers. The most notable differences were a greater DM intake with added NaHCO3 and an improved DM digestibility with added MgO. The higher DM digestibility with MgO was apparently related to improved neutral detergent fiber (NDF) and starch digestion. Fecal pH was significandy increased with MgO addition. Because of the greater intake and digestibilities, the amount of DM, NDF, and starch digested tended to be greater for the buffered diets. There were no diet x week 1Authorized for publication as interactions for intake and digestibilities, thus the responses observed existed during both wk 1 and 2 after the change in diets. In general, intake and digestibilities were greater in wk 2 than in wk 1 for all diets. Ruminal pH and acetate:propionate ratio (A/P) determined on samples collected at 0, 2, 4 and 6h postfeeding were not different between diets. A higher ruminal pH occurred in wk 2 than in wk 1 for all diets, although ruminal pH was not significantly affected by buffers. Ruminal dilution rate was lower with added MgO and pool size was higher with added NaHCO3. Dilution rate was higher in wk 2 than in wk 1 for all diets.
Introduction
The use of buffers, particularly NaHCO3, in diets for dairy and beef cattle has been studied extensively and reviewed (Muller and Kilmer, 1979; Trenkle, 1979) , but the results have not been consistent. Buffers appear beneficial in adapting feedlot cattle and sheep (Ralston and Patton, 1979; Huntington et al., 1977; Dunn et al., 1979) and early postpartum dairy cows Kilmer et al., 1980) to high concentrate diets when the dietary change is characterized by the abrupt removal of rouchage. However, the improved performance may be limited to the early weeks of adaptation and may not extend throughout the duration of a finishing period or lactation.
The mechanisms by which buffers improve animal performance are not clear. Increases in feed intake are the most common attribute of sodium bicarbonate (NaHCO3) supplementation, although increases in digestive efficiency have been reported (Erdman, 1980) . The primary mechanism by which buffers can improve digestion appear to be related to gastrointes-1561 JOURNAL OF ANIMAL SC1ENCE, Vol. 57, No. 6, 1983 tinal pH. Sodium bicarbonate may enhance microbial degradation of fiber in the rumen by maintaining a pH that is more optimal for the growth and activity of fiber-digesting microbes (Mertens, 1979) . Compounds that stabilize the pH of the small intestine may promote digestion of starch that escaped rumen fermentation (Rogers et al., 1982) .
The objectives of this study were: 1) to evaluate the influence of NaHCO3 and magnesium oxide (MgO), alone or in combination, on feed intake and digestibility in beef steers rapidly changed from a low to a high energy diet and 2) to characterize changes in mminal fermentation and turnover associated with NaHCO3 and MgO supplementation.
Materials and Methods
Eight yearling beef steers (initial wt, 33Okg), surgically prepared with rumen cannulas, were group-fed a predominately forage diet for 30 d. Mixed alfalfa hay was offered ad libitum and a corn-based supplement was fed at the rate of 1.4 kg/head daily. Steers were adapted to monensin carried by the supplement at 18 mg/kg of diet DM for 15 d followed by the recommended level (36 mg/kg of diet DM) for the remainder of the experiment. After consuming the high forage diet for 30 d, steers were adruptly changed to one of the diets in table 1. Steers were placed in two groups according to body weight and each group was assigned randomly to one of four experimental diets: 1) control; 2) .5% MgO; 3) 1.0% NaHCO3 ; 4) .5% MgO + 1.0% NaHCO3. The major components of the diets were whole shelled corn, corn silage, snapped ear corn, and corn based protein and mineral supplement ( S a .14 .14 .13 .13
avalue for one analysis (sample composite of both periods).
bMean value for two analyses (sample composite from each period).
designated as wk 1 of adaptation to high energy diets and the last 6 d as wk 2. Thus, two separate weeks were used to determine diet adaptation. At the completion of the digestion trial (Period 1), the experiment was replicated. All steers returned to the alfalfa hay (plus corn-based supplement) diet for 30 d, followed by random assignment to the experimental diets for a second 13 d digestion trial (Period 2). The same experimental protocol was used in Period 2 as in Period 1. By this design, four steers were fed each experimental diet. One control steer was removed during wk 2 of Period 2 due to acidosis-related anorexia and one steer fed diet 4 was removed in wk 1 of Period 2 due to loss of ruminal material through the cannula. During each experimental period, animals were individually fed the complete mixed diets twice daily to a 10% feed refusal. Refusals were collected and weighed before the morning feeding. Feeding was at 0800 and 1600 h and fecal collections were made once daily at 1400 h. Diets, refusals and feed ingredients were sampled daily and composited according to week of digestion. Fecal (2.5% of total output) samples were taken daily and frozen. At the end of Period 2, fecal samples were thawed, the pH determined and samples composited. Ruminal samples were taken via rumen fistula s Photovolt Corp., New York, NY.
on the third day of wk 1 and wk 2 during each experimental period. Ruminal pH was determined at 5 min before feeding and at 2, 4 and 6 h postfeeding. Samples designated for volatile fatty acid (VFA) analysis were strained through four layers of cheesecloth, and 50 ml of strained fluid were preserved in 8 ml of 25% rectaphosphoric acid solution and frozen for later analyses. Rumen liquid turnover was determined on the third day of wk 1 and wk 2 of both periods. Fifty grams of polyethylene glycol (PEG) were solubilized in 500 ml of water and placed in various locations in the rumen via a tube. Dosing with PEG occurred at 0600 h, 2 h before the morning feeding. Samples were removed at 1 h before feeding, 5 min before feeding and 2, 4, 6 and 8 h postfeeding, centrifuged and frozen for later analysis. Concentration of PEG and liquid dilution rates were measured by the procedure of Smith (1959) .
All diets, refusal and fecal composites were divided into two samples. One sample was dried at 60 C in a forced-draft air oven and later ground through a 1 mm screen. The second composite remained frozen and was ground with dry ice. Thawed samples were analyzed for Kjeldahl nitrogen (ADAC, 1975) , and moisture of diet refusal and fecal samples was determined by the Karl Fisher titration method using a Photovolt Aquatest IV s. Dried diet and 
Results and Discussion
Dry matter intake (table 3, DMI) was greatest (P<.05) with added NaHCO3, while all three buffered diets tended to have greater DMI than the controls. Intake, expressed as a percentage of the control, was 114% for MgO , 1975) . In addition, diet acceptability is less likely to be impaired when NaHCO3 is fed via a complete mixed diet. The effect of week of adaptation on DMI was significant (P<.O1). Intake of DM increased an average of 11% during wk 2 compared with wk 1, indicating improved adaptation to all diets. The diet • week interaction was not significant. However, steers fed the buffered diets tended to consume more DM than the control in the first week of adaptation. In addition, a greater intake of diets 2 and 3 (vs the control) occurred during the second week of adaptation 9
Although DM digestibility did not differ significantly in the analysis of variance, orthogonal contrasts revealed a potential improvement (P<.10) due to MgO addition 9 Steers fed diets 2 and 4 with MgO had a 4.2 percentage unit greater DM digestion (65.7 vs 61.5%) than diets 1 and 3 without MgO (table 3) . The higher DM digestion with MgO appears due primarily to a nearly 8 percentage unit greater NDF digestibility with MgO (41.5 vs 33.7%). Erdman (1980) reported significant improvement in DM as well as percentage ADF digestibility (adjusted for intake) when MgO was added to diets of high producing dairy cows. It is known that cellulose digestion is impaired by Mg deficiency (Martin et al., 1964) . Addition of Mg between 8 and 10 mg/kg of body weight has been shown to restore normal feed intake and cellulose digestion in sheep fed diets devoid in Mg (Ammerman et al., 1971) . Diets I and 3 were calculated to provide about 25 mg/kg of body weight 9 Therefore, these diets provided adequate Mg for normal intake and digestion, and contained about 50% more Mg than the NRC (1976) minimum recommendation. Reasons for improved NDF digestibility with diets 2 and 4 are not clear, but do not appear related to correction of inadequate dietary Mg in diets 1 and 3.
Starch digestion was greater (P<.05) with added MgO (95.1 vs 93.6%) although this difference was relatively small (table 3). Fecal pH was increased .6 units with MgO (P<.05). Erdman (1980) reported higher fecal pH with MgO but starch digestion was not affected.
Depressions in digestibility are related to increasing levels of intake above maintenance (Tyrrell and Moe, 1975) . Intake as a multiple of maintenance was calculated to be 2.09, 2.36, 2.51 and 2.26 for diets 1 through 4, respectively. Despite the greater intake above maintenance, digestibility of the buffered diets tended to be similar or greater than the control diet. The percentage of DM and NDF digestion was greater during wk 2 than wk 1 with the exception of starch (table 3) interactions were significant, indicating that the responses observed during wk 2 compared with wk 1 were similar for all diets. However, the increased intake observed for all diets during wk 2 was accompanied by an improved digestibihy. Thus, the digestive efficiency was greater on all diets during the second week of adaptation. No previous values for digestibility have been reported in the literature during the first 2 wk after an abrupt diet change.
Ruminal measurements (means of wk 1 and wk 2) are in table 4. Ruminal sampling time postfeeding did not reveal any differences in pH or proportions of VFA due to diet, thus means are presented across sampling times. Ruminal pH was similar among diets and did not suggest acidosis or an effect due to added buffers. A higher ruminal pH was observed for all diets in wk 2 compared with wk 1 (P<.01), indicating adaptation to all experimental diets. The effect of diet on the ruminal acetate:propionate ratio (A/P) was not significant although a tendency for higher A/P with MgO was apparent. Others have noted increases in A/P with the addition of MgO or NaHCO3 to diets for lactating dairy cattle Emery et al., 1965; Stanley and Kung, 1978; Erdman et al., 1980) . The A/P tended to be higher in wk 2 for all diets, which is consistent with the increase in ruminal pH in wk 2. The effects of buffers on ruminal pH and A/P have been variable, although generally, pH has been increased and ruminal acetate concentration elevated (Trenkle, 1979) . However, in many studies with beef cattle, the amount of buffer fed was substantially higher than the amount fed in this study (Trenkle, 1979) .
Ruminal dilution rate and pool size were significantly altered by MgO and NaHCO3. Dilution rate was decreased with added MgO (11.2 vs 13.8%/h; table 4). Limited data with dairy cattle indicates that MgO may decrease dilution rate (Erdman, 1980) . This decreased dilution rate may be related to the improved NDF digestion because retention time of the solid phase in the rumen may be increased. In contrast, the higher DMI observed with MgO is not normally associated with a slower rumen turnover rate. Sodium bicarbonate did not alter dilution rate. Sodium bicarbonate has not consistently increased dilution rate (Adams et al., 1980; Chalupa et al., 1980) and appears related to the amount fed. The level of NaHCO3 fed in this study was lower than levels reported to increase dilution rate (Harrison et al., 1975; Thomson et al., 1978; Owens et al., 1979) . Dilution rate was increased during wk 2 compared with wk 1 for all diets (table 4) with no diet • week interaction present and may be associated with higher intakes during wk 2. The estimated pool size of the rumen was increased (P<.05) with added NaHCO3 (61.4 vs 46.5 liters). This increased pool size may be related to an increased water intake that frequently occurs with added NaHCO3. Pool size was not different between wk 1 and 2. The estimated fluid outflow from the rumen was reduced with added MgO (table 4) , possibly related to a lower dilution rate. These results are some of the first that indicate an influence of Mg on reducing rumen dilution rate; thus, future studies are needed to verify these results and to study different dietary conditions.
In conclusion, both NaHCO3 and MgO appeared beneficial in adapting steers to high energy diets when the diet change involves the abrupt removal of long forage. Added NaHCO3 appeared to primarily improve intake, while MgO improved digestive efficiency and altered ruminal turnover in the first 2 wk after an abrupt diet change. Others have reported that NaHCO3 was beneficial in adaptingsteers (Dunn et al., 1979) and dairy cows Kilmer et al., 1980) after an abrupt diet change. This improved adaptation may be related primarily to an improved intake rather than an alteration in digestive efficiency. Only one previous study (Erdman, 1980) has reported that MgO may improve adaptation to high energy diets. The improved adaptation may be related to MgO improving fiber and starch digestion, and altering ruminal turnover. Further investigations are needed to determine the influence of MgO on fiber and starch digestion. In addition, alghough the optimum combinations of NaHCO3 and MgO are not known; the combination of buffers in this study did not improve performance over that observed with each buffer fed individually. 
